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I NTRODUCTION 
Work with tissue cultures has progressed rapidly espeoially during 
. · the second quarter of this oentury. Excised plant parts have been 
sucoessfully cultured !!l vitro and this technique is at present con-
veniently employed in many research studies. 
Wh1 te ( 22} summarizes the applications of cell culture technique 
into six categories: 
(1) cellular nutrition-the degree and manner of de-
pendence of a single cell, -cype of cell, or tissue on the 
chemical properties of the external medium; (2) cellular 
metabolism-those .aspects of cellular behavior which have 
an internal origin and control; ( 3} hormone relations-the 
behavior of cells toward the specific products, other than 
nutrients, of other cells, and the function of eel.ls in pro-
ducing such products; (4} morphogenesis-the production of 
integrated patterns of develo}:lllent by the interaction of cells 
or groups of cells; ( 5) pathology-the response of oells and 
tissues to agents of extra..-cellular origin which, being 
neither nutrients, hormones, nor normal self-meta.boll tes, are 
injurious to the cells in question; and ( 6) genetics-the 
behavior of individual cells as bearers of specific inherent 
charaoteristios.1 
The economic importance of the cotton plant has prompted the author 
to use it as her material in this· plant ,tissue crul.ture re.search. 'l'o 
date, cotton has not yet been used extensively in !!l vitro culture 
studies. Robbins (15) in 1922 axperl,mented .W,..th root and stan tips of 
cotton and found the root tips to grow ranarkably well in a medium 
containing mineral salts and glucose. 
~hillp R. White, I!!! Cultivation 2!: Animal !!!!! Plant Cells (New 
York, 1954), p. 169. 
The purpose of this study is to find out the behavior and capaoiv 
tor growth of isolated tissues of the cotton plant , Gossypium birsutum 
var. empire in vitro particularly \Ii t h the use of indole-aoetic acid, 
adenine, guanine and coconut milk, The investigation was earlier ai~ed 




REVIEW OF LI'.}'ERATµRE 
~- ~ 
Haberlandt. (8), at the beginning of the century, first f'omulated 
the con~ept of pl~t tissue cult~. He isolated pieces of the tissue . . ' .. t_. 
frm tubers, stems, and leaves of higher plants and was successful in 
obtaining some cell di vision umer certain conditions. 
Stem tips and root tips of pea, corn, and cotton were first iso-
lated and grown by Robbins (15) in 1922. The isolated root tips made 
considerable growth in the dark in solution cultures containing mineral 
salts and glucose. The excised shoot tips of corn and peas elongated 
considerably but developed only small leaves. 
White (19), ten years later, grew isolated stem tips of Stellaria 
media and observed some tips to produce a limited differentiation. He 
also isolated root tips of tomato and showed that they are capable of 
independent existence!!!, vitro for indefinite period.a of· ti.me in certain 
artificial media, and al.so have the capaci'tv" to differentiate fresh 
leaf primordia. 
In 19.33, La Rue (9) studied the regeneration in certain. mutilated 
seedlings which were isolated and grown on moist filter paper or on 
agar in Shive' s nutrient solution. He observed the production of ad-
venti tious roots and shoots by the excised cotyledons and hypoeotyls. • · 
These tissues were isolated when they were well out of their seed 
coats. Cotyledons of .U. species from 19 .families regenerated roots in 
4 to 37 d~s. Shoots were produced on cotyledons in 22 species in 6 
to 58 d~s. Segments of cotyledons of 10 species were also found to 
regenerate roots but they required a longer time to emerge. In 1936 
he isolated segments of irranature embryo parts of dandelion, wild 
lettuce, ox-eye daisy, and tomato (10)~ He successfully grew them into 
complete plants. 
4 
~n .1939 Gauth~ret (7) , working w1 th the cambial tissue from carrot 
root, and White (a:>), experimenting on stem tissue of tobacco, reported 
that isolated plant parts could be grown for extended periods if they 
are repeatedly subcul'blred in fresh nutrients of Stµ tahle composition. 
Bo?Uler, Haagen-smit and Went (3) maintained .imature leaves excised 
from etiolated pea plants in a solution containing mineral sal. ts and 
sucrose. The leaves were found capable of making a 1imi ted amount of 
growth. The addi t.1.on of pea diffusate to the medium produced a greater 
growth, leading them to conclude that a non-specific leaf-growth hormone 
m~ exist which affects the leaf growth. 
Loo (12) grew stem tips of Asparague ofticinalis in sterile culture 
without the formation of roots. The. results indicate that there are two 
· substances involved s one is produced in the stem in the presence of 
light while the other is produced and transferred from the root systan. 
The development ~ vitro of stem tips and subj a.cent. regions of 
Tropaeolum maJus L. and of Lupinus al.bus L. in modified Pfeffer• s culture 
fluid, was . a~died· by-Ball. (1).: · He observed a deorea$g capacity for 
,~ ~ : . . . . ; 
~ . ' ' • • • ., ' : • \ • 'i • 
growth and development in the tissues 'ciown the plant axis and that the 
shoot apex is the most capabl~ of, aeveloPJDent .. . 
Skoog (16) isolated to~co ~allus culture; of the hybrid fil:.-
ooti.ana glauoa x Nicot.1.ana langsdorffii and observed the possibil ity 
of controlling growth and organ fomation by manipulation of external 
factors i ncluding nutrient oomposi ti.on. Development of stems, leaves, 
and roots have been obtained from these callus cultures. In 195.3 
Miller and Skoog (13) published their work on the chemical control of 
bud formation in tobacco stem segments cultured aseptically. Adenine 
enhanced bud formation in modified Wh1 te' s basal medilDB. Low conoen-
trations of indole"'."3,-acetic . a.old marked.ly·.reduced the amount of buds 
, .• vi" • . • 
' .. "!' .• • 
formed both in the presence and absence of adenine. Guanine was found 
to produce similar effects to that of adenine. They .balieve that ~ot.h 
!AA and adenine affect organ formation ·and growth and plant tissues 
through their influence on the nucleic acid meta.bollsn. 
5 
Caplin and Steward ( 6) isolated explants from carrot root employing 
coconut milk in addition to the basic nutrient medium. A significant 
effect on growth was noted. Nickell (14) observed a similar stimulation 
of growth w1 th coconut milk in the virus tumor tissue of Rumex acetosa. 
Root formation in isolated cotyledons of Brassica napus and 
Raphanus sati vus has been studied by Carlson ( 4) • Her report includes 
an anatomical study of root formation in the cotyledons.. Shoots were 
not formed on the cotyledons ~n these cultures. 
Caplin (5) studied the growth and morphology of tobacco tissue 
cultures !!! vitro. He stated that the increase in size of the cultures 
resulted fran the production of knob-like protuberances which increase 
in mmiber by clea,ra:ge· and ·by the formation of new growing centers in . .. .... ) 
. ' , 
the subsurface of older knobs. 
Sterling (17) made a histological study of cultures of tobacco 
stem segments. He reported on t he characteristic anatomical patterns 
of the stE111 cultures and callus formed which were affected by the con-
sti tution of the nutrient medium. 
MATERIALS AND METHODS1 
Co"cy"ledon materials were secured from 2. to 4 weeks old seedlings 
of ·Goasypium hirsutmn var. empire which were grown in the greenhouse. 
The o.otyledons used included the petiole by cutting up to its base taldng 
care that no macroscopically apparent meristematic bud tissue was included. 
Internodal stem segments used were obtained from the second inter-
node f'rom the shoot apex of about J to 6 weeks old seedlings of Go.ssypium 
hirsutum var. empire which were also grown in the greenhouse. About 1 
to 2 centimeters long segments were out in sterile petri dishes with 
sterile blade. The apical portion of the segment was ·cut diagonally 
and the basipetal portion horizontally. 
The stem segments and cotyledons were rinsed with distilled water, 
immersed momentarily in 00% alcohol and then sterilized wt th chlorox 
solution ( 1 s 5) for 2 to 5 minutes. They were then transferred to the 
corresponding containers. The co\yledons were placed in 2~ ml. 
Erlenmeyer !'lasks, one piece to a flask. The internodal segments were 
cultured in 8-ollllCe prescription bottles. Two segments were put into 
each ~ttle. ·· The culture c~_ntainers were . plugged '4th cot~n and 
capped with alumi~ foil. Replicates ot 5 to 10 of the plant material 
' . . . _.. . ,. . -
per set of culture was maintained. All manipulations were carried out . ' . 
aseptically in an ordinary transfer room sterilized by steam. 
l..rbe following abbreviations are used, IAA (indoleacetic acid), 
Ad. (adenine), 0 (control), and C.M. F. (coconut ~ilk factor). 
6 
7 
Nutrient mediums The basic medium employed was White's medium 
( 21) of the following compos1 tion in mg./1 of waters Ca(N0.3) 2ax>, KN0.3 
80, MgS04 36, KCl 65, NaH;!04 l6.5, KI 0.75, MnS04 4.5, Fe2(so4).3 2.5, 
ZnS04 1.5, Hj30.3 1.5, and sucrose a:l,OOO. Ferric tartrate was employed, 
' ' ~ . .... . ' 
. instead of Fe_2(S04) .3 i~ s~e of the ex:Peri~ents, the ·· f~rmel" dissol~ng 
more readily in :water than the latter. Accessory nutrients used in 
addit.1.on to above were: glycine (3 mg./1), niqotinic acid (0.5 mg./1), 
thiamine (O.l mg./1)°, and pyrido:xine (0. 1 mg.fl). The above mixture 
was taken as the control medilm. Fifty milllll ters of the nutrient 
solution vas used per 8-ounce prescription bottle and 100 millill ters 
per 2j) ml. flask. 
The growth substance indoleacetic acid (IAA) ; and the purines, 
adenine (Ad.), and guanine were employed. Coconut milk obtained from 
a mature nut was also used. They were added to the basic medium before 
autoclaving the nutrient solutions. A liquid medium or semisolid 
m~m of o. 75% agar concentration was employed. The nutrient media 
in the corresponding containers were sterilized in an autoclave for 15 
minutes at a) pounds pressure. 
The cultures were kept at room temperature in diffuse light. 
The first attempt ~ subculture the tissues resulted in bacterial 
contamination o.f most of the material. Hence, the plant tissues were 
allowed to grow as long as possible in the original medium. 
For the histological study of the cultured material, the following 
procedure was employed. Stem segments and cotyledon were killed and 
fixed in Craf III. They were dehydrated by passing them through the 
dioxan series to butyl alcohol, and then embedded in paraffin. Sections, 
8 
12 microns in thickness, were cut in transverse planes.. Safranin-
differential staining method was used employing hemalum and tannic acid 
as mordants. 
EXPERIMENTS AND RESULTS 
Experiments with Cotyledon'.s 
Experiment !,s The effect of isolating cotyledons of 4 weeks old 
seedlings in liquid control media. 
Resultss The aotvledonary petiole base which was looated above 
the surface of the medium produced callus on the 5th dq and roots 
emerged from the calluses on the 7th dq. Figures 5 to 8 show the 
extent of growth after 6 months. 
Experiment ~s The effect of isolating shoot tips bearing one 
cotyledon each of 4 weeks old seedlings in liquid control media. 
Results: Roots emerged on the 6th dq of culture at the petiole 
bases. No callus W(l.S formed preliminary to root formation. The shoot 
tips developed to about an inch long· producing 4 to 5 tiny leaves 
after 6 months (See Fig. 5) •· 
Experiment .JS The effects of IAA, IAA plus Ad., and Ad. on coty-
ledons of 4 weeks old seedlings. Four sets of liquid nutrient media 
were useds 
a. Control medium 
b. Control medium plus IAA ( .02 mg./1) 
a. Control medium plus IAA ( .02 mg./1) and Ad. {40.mg./l) 
d. Control medium plus adenine {4) mg./1) 
9 
10 
Resul tiu Callus started to f'om a.t the bases of the cotyledonary 
petioles on the 5th dq after isolation of the cotyledons in the above 
media except in the nutrient medilDI containing adenine alone. On the 
7th dq roots emerged from all the petiole bases. On the 10th dq 3 
. .... . . . ' ' 
roots per cotyl~on were formed in _the oon~l, ·4 roots per cotyledon 
in both the media containing IAA, and IAA plus Ad., and 2 roots per 
' ' 
cotyledon in the medium with Ad. After the 10th .dq the oalluses in-
creased in volume and seoondary roots were formed. At the end of' 5 
weeks, photographs of' the cultures were ta.ken (See Figs. 1-4). After 
6 months the longest root measured a> centimeters. This root developed 
from the cotyledon cultured in the medi\DI containing IAA ( .02 mg./1). 
E;xperiment 1:t: The effect of' IAA ( .02 mg./1) plus different con-
centrations of Ad. -on cotyledons of' 3 weeks old seedlings. Five sets 
of liquid nutrient media were useds 
a. Control medium 
b. Control medium plus IAA ( .02 mg./1) and Ad. (40 mg./1) 
c. Control medium plus IAA ( .02 mg./1) and Ad. (00 mg./1) 
d. Control medium plus IAA ( .02 mg./1) and Ad. (80 mg./1) 
e. Control medium plus !AA ( .02 mg./1) and Ad. (100 mg./1) 
. ... 
$ ~{ 
Resul,tss }les11lts were not very satisfactory as mo&t of the ooty-
ledons were contami.nated or did not produce 8rl1 change at all. The 
cotyledons in all the different media started to form callus at the 
petiole base on the 5th dq and roots started to emerge on the 6th dq. 
On the 10th dq the cotyledons in the media containing JIJ to 00 mg./1 
of adenine produced 3 to 4 roots per co\yledon, while those in 100 mg./1 
11 
produced only 1 root. The cotyledon·in tbe control medium produced 
4 roots per cotyledon. 
Experiment js The effect of various concentrations of coconut 
·, 
milk on cotyledons obtained from 2 weeks old seedlings. Three sets of 
liquid nutrient media were used, 
a. Control medium 
b. Control medium plus 1% coconut milk 
c. Control medi\1JD plus 2. 5% c.oconut milk 
Rasul ts: The cotyledons in the medium containing 1% coconut milk 
produced roots from the cotyledonary petiole base as early as the 4th 
day of the experiment. Very little callus was formed. At the end of 
10 d~s, approximately 10 roots were observed emerging radially from 
each petiole base. The cotyledons in the medium containing 2. 5% coco-
nut milk produced callus at 1 ts base on the 4th d~ an.d formed an average 
of 5 roots per cotyledon on the loth d~. The cotyledons in the control 
medium produced roots on the petiole base on the 4th ~. In 10 days 
3 to 4 roots with secondary rootlets per cotyledon were formed. 
EJperiment _2: . The. ~ffeq~ of lo~ conQentr~tions of IAA ( .001 mg.fl) 
plus different conceritratt'ons of guanine on cotyledons from 2 weeks old 
seedlings~ Five sets of semi-solid media were used: 
a. Control medium' . 
b. Control medium plus guanine ( 5 mg./l) 
o. Control medium plus guanine ( a) -mg.fl) 
d. Control medium plus guanine (40 mg./1) 
e. Control medium plus guanine ((JJ mg.fl) 
12 
Results: Callus started to fom at the petiole base on the 5th 
day. Roots began to evolve on the 6th day from the calluses. On the 
10th day 4 roots per cotyledon were produced in those cultured in the 
media eo~taining 5 mg./1 and .aJ mg./1 guanine, 5 roots. 1.n tho~e cultured 
in J.D mg./1 and 2 roots in the medium containing 61) mg./1 guanine. The 
cotyledons in the control medium were all contaminated after the 5th 
day. 
Experiments w1 th Stem Segments 
Experiment !s The growth of isolated stem segments of 4 weeks old 
seedlings in a liquid control medium. 
Results: The segments sank to the bottom of the container and they 
became dark brown after a few weeks. 
Experiment ~s The effect of the removal of the epidennis and the 
cortex on the iWOwth of isolated stem segments on a semi-solid control 
medium. (Epidermis and cortex were stripped off before sterilization 
of material.) Segments were obtained from 4 weeks old seedlings. 
Results, The stem segments turned dark brown after a few days. 
Experiment J: The effect of IAA, IAA plus Ad., and Ad. on inter-
nodal stem segments of 6 weeks old seedlings. Four sets of liquid 
nutrient media were used, 
a. Control medium 
b. Control medium plus IAA ( .02 mg./1) 
a. Control medium plus IAA ( .02 mg./1) and Ad. (J.D mg.fl) 
d. Control medium plus Ad. (40 mg.fl) 
13 
Results, Swelling of the stem segments started on the 2nd week of 
culture and callus began to form after a month at the basipetal ends 
(See Fig. 25). The culture was aJ.lowed to proceed for three months and 
then weights of ·the segments were taken. The data are shown in Table I. 
' . 
TABLE I 
Effect of IAA ( .02 mg./1), IAA ( .02 mg./1) Plus Ad. (J.o mg.fl) 
and Ad. (40 mg./1) on Inter.nodal Stem Segments 
wt. in mgs. Wt. in mgs. Average 
of stem of stem increase 
segments at segments in mgs. 
beginning of after 3 Increase in No. of per 
experiment months wt. in mgs. sepents sepent 
a. 
Control 7/;J. 1094 353 5 70.6 
b. 
IAA 7ZJ 1124 404 5 80.8 
c. 
IAA plus 
'Ad. 816 121.5 496 5 99.2 
d. 
Ad. 989 1485 '199 5 ?9.8 
Experiment .4, . The effect of different concentrations of !AA on . . . ·" . ~ -, . . 
internodal. stem· se~ent's of 4 weeks · old sd'Edllngs. Five sets of semi-
solid nutrient media were useds 
a. C:'oJ?trol medium 
b. Control medium plus IAA (.001 mg.fl) 
c. Control medium plus IAA ( .005 mg.fl) 
d. Control medium plus IAA ( .Ol mg.fl) 
e. Control medium plus IAA ( .02 mg.fl} 
14 
Rasul tss Callus or swelling occurred mos~ at the basi.petal 
portion of the segments after a week of culture (See Fig. 26). The 
weights of the stem segments were recorded .at the end of three months. 




• 001 mg.fl 
!AA 
c • 
• OQ5 mgs./1 
IAA 
d • 
• 01 mg./1 
!AA 
e • 
• 02 mgs./1 
IAA 
TABLE. II 
Effect of Different, Conc~ntrations 
of IAA on Internodal. Stem Segments 
Wt. in mgs. wt. in mgs. 
of stem of stem 
segments at segments 
beginning of after 3 Inc:rease in 
experiment months vt. in mgs. 
(Cultures were contaminated) 
374.6 523 148.4 
m 805 21.5 
'13-4 881 ';137.6 










Experiment ,21 The effect of low concentration of !AA ( .001 mg./1) 
plus different concentrations of Ad. on internodal stem segments of 4 
weeks old seedlings. Seven sets of semi-solid nutrient media were useds 
a. Control medium 
b. Control medium plus IAA plus .Ad. (1 mg./1) · 
c. Control medium plus IAA plus Ad. ( 5 mg./1) 
d. Control medium plus IAA plus Ad. (10 mg./1) 
e. Control medium plus IAA plus Ad. (20 mg./1) 
' f.,, . Control medium plus IAA plus Ad. (40 mg./1) 
'I' 
. g. Control medium plus !AA plus Ad • ( ro mg./1) 
Rasul ts: Swelling or callus formed obiefiy at the basipetal 
region of the segments after a week of isolation (See Fig. 'Zl). The 
weights of the excised tissues were taken after .3 months of isolation 
with the results noted in Table III. 
Experiment _gs '!he effect of high concentration of IAA ( .02 mg/1) 
plus diff erent concentrations of Ad. on internodal stem segments of 5 
weeks old seedlings. Six sets of semi-solid nutrient media were used: 
a. Control medium 
b. Control medium plus IAA plus Ad. (40 mg./1) 
c. Control medium plus IAA plus Ad. («J mg./1) 
d. Control medium plus IAA plus Ad. (80 mg./1) 
e. Control medium plus IAA plus Ad. (100 mg./1) 
f. Control medium plus IAA plus Ad. (la> mg./1) 
15 
Results: No callus was observed but swelling occurred usually in 
regions behind the cut basipetal. and apical ends (See Fig. 28). At the 
end of .3 months the weights of tll~ ~ssue oul tures were taken. The 
data are shmm in Table IV. 
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TABLE III 
Effect of Low Concentration of IAA Plus Different 
Conc_~n:t-rations of Ad. on Internodal Stem Segments 
wt. in mgs. Wt. in mgs. Average 
·or stem of stem increase 
segments at segments 
' 
in mgs. 
beginning c,.f after 3 Increase in N:o, of per 
experiment months wt. in mgs. segments segment 
a. 
























Ad. 4Z7 645 218 9 14.3 
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TABLE IV 
Effect of High Concentration of IAA Plus Different 
Concentrations of Ad. on Intemodal Stem Segments 
:"'. W.t. · in ·mgs. Wt. in, mgs. Average .. of stem · of ·stem ' increase 
segments at segments in mgs. 
begi~ng of after 3 Increase in No. of per 
wrnerlment months wt. in mgs. segJDents sep.ment 
a. 




















Ad. 351 487 136 4 34 
Experiment 2• The effect of different concentrations of coconut 
milk on internodal stem segments (1 centimeter long) of 3 weeks old 
seedlings. Six sets of semi-solid nutrient media were useds 
a. Control medium 
b. Control medium plus coconut milk (1%) 
c. Control medium plus coconut milk ( 2. 5%) 
d. Control medium plus coconut milk ( 5%) 
e. Control medium plus coconut milk (10%) 
r. Control medium plus coconut milk (15%) 
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Results s swelling occurred in regions behind th.e out en~s of the 
segments particularly at the basipetal end. No callus fomation was 
observed (See Fig. 29). The weights were recorded after three months' 
time. The data are shown in Table V. 
TABLE V 
Effect of Different Concentrations of Coconut 
Mille on Internodal Stem Segments 
Wt. in mgs. wt. in mgs. 
of stem of stem 
segments at segments 
beginning of after .3 Increase in No. of 
experiment months wt. in mgs. ·Segments 
a • . 
Control ~6 417 lll 10 
b. 
1% Coconut 
Milk 107 149 42 
c. 
2. 5% Coconut 
Milk Z/5 .366 91 6 
d. 
5% Coconut 
Milk 131 27) 108 4 
e. 
10% Coconut· . ,. 
Milk 2:38 497 2'}} 6 
f. 
15% Coconut 











34 • .3 
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Experiment 8: The effect of low concentration of I AA ( .001 mg./1} 
plus different concentrations of guanine on intemodal stem segments 
of 5 veeks old seedlings. Seven sets of semi-solid nutrient media were 
us eds 
a. Control medium 
b. Control medium plus IAA plus guanine (1 mg./1} 
e. Control medimn plus IAA plus guanine (5 mg./1) 
d. Control medium plus IAA plus guanine (10 mg./1} 
e. Control medium plus IAA plus guanine (20 mg./1) 
f. Control medium plus IAA plus guanine (J.O mg./1) 
g. Control medium plus IAA plus guanine ( EIJ mg./1} 
Results: Little callus was formed. The segments produced basi-
petal swelling or no change at all. The weights of the cultured tissues 





. ' .. 
·· Effect of · Low Concentration of IAA Plus Different 
Concentrations of Guanine on Int(u-nodal. Stem Segments 
wt. in mge. wt. in mgs. c'' -\'. • Average 
of stem of stem increase 
segments at segm.ents in mgs. 
beginning of after 3 Increase in No. of per 
experiment months wt. in mgs. segments segment 
a. 
























Guanine 174 229 55 5 ll 
DISCUSSION OF RESULTS AND OBSERVATIONS 
Callus growth and root development were obser ved to occur only in 
•· . 
parts of the cotyledon which were above the· surface o.f the culture 
medium (See Figs. 1-8). Cotyledons whose petiole bases were located 
below the surface of the nutrient medium did not produce arr,- change. 
. . . . . 
Mos t of the cotyledons produced callus and roots at the bases of the 
petioles. In Fig. 2 callus is developed at the edge of the blade. This 
might have been due to wounding of the lamina. Callus fomation usually 
preceded the appearance of roots. The largest callus produced after 5 
weeks measured about 8 millimeters in diameter (See Fig.;). Figure 16 
is a histological cross section of a portion of the callus fomed after 
6 months in media · containing IAA ( .02 mg./1) • Di vision in various 
planes of the callus cells resulted in the production of disorderly 
protuberances . Soalarifomly pitted tracheary elements occur in patches 
i n irregular fashion throughout the callus. Dark lines of cells loca ted 
almost . to the edge of the callus appear to be dead cells which might 
have been crushed due to simultaneous division of peripheral cells and 
the enlargement and !andom di vision of the i nternal cells. · The callus 
o(;)lls appear to develop into parenchymatous cells and xylm elements. 
Phloem elements were not very dist inct in the sections. 
The histological cross section of the petiole base of the cotyledon 
cultured in the media containing 1% coconut milk showed that the coconut 
milk growth factor stimulated large4' cambial activity resulting in strands 
of meristematic cells that give rise to root primordia. (See Fig. 13). 
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The cross section of the petiole base of cotyledon isolated in 
medium containing I.AA (.02 mg./1) shCMs less cambial activity but 
suggests that the roots were derived from them (See Fig. 15). Epidermal 
division and enlargement of collenohyma cells contributed to the in-
creased bulk of the petiole base. The activity of the cambium and 
J>¥.o_erll elements might have initiated callus growth. (See Figs . 14-15) • 
• "J 
F!gure 16 shows a- root d"Sri ved from a group of callus cells. An 
' 
isolated cotyledq~ has ~en obs~ed to produce roots from the blade in 
regions adjacent to the lateral big veins (See Fig. 7). A few coty-
ledons produced roots along the petiole, while in others they evolved 
at the base of the laminae where the big veins originate (See Fig. 8). 
The shoot tips bearing one cotyledon developed when they were 
loqated above the surface of the liquid medium. After six months they 
elongated to about an inch long producing 4 to 5 tiey leaves (See Fig. 5). 
Adequate aeration might possibly be needed for the growth and development 
of the excised cotton cotyledons. White ( a>) and Skoog (16) observed the 
contrary with tobacco callus cultures. The callus beneath the liquid 
or agar produced buds while those on the surface remained without buds. 
White considered difference in oxygen supply as the cause of diff erentia-
tion into vegetative buds and roots. The stem ti~ of Lupinus were found 
by Ball (1) to require oxygen for their growth and development as they 
would grow only on .the tops of agar or liquid medium. These findings 
suggest that various plant tissues exhibit different, respiratory be-
haviors at varying levels of oxygen tension. 
The cotyledonai-y blade because of its position in r elation to the 
nutrient medium mq be considered as the major region responsible tor 
the absorption of food material i n this culture. Figures 9 and 11 
illustrate how the mechanism is aecanplished. Figure 9 shows the callus 
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growth at the peripheral region of the' blade. The cells protrude 
radially from the vascular area. In Figure ll, epidermal cell division 
of the ventral side 9f the laminae which was in contact with the agar 
medium might possibq serve :for food absorption. It also shows the 
elongated and enlarged palisade cells. Roots were :formed in certain 
cotul~onary blades in areas close to the big lateral veins and serve 
as organs for absorption (See Fig. 10). 
Under the conditions in which the experiments were carried out, no 
buds were produced by the cotyledons in spite of the concentrations of 
Ad. and guanine employed. Therefore, growth was measured on the basis 
of roots developed up to the 10th dq. After the 10th day the roots 
just continued to elongate and produce secondary roots. Generally, 
cotyledons capable of growth evolved roots at the petiole base. These 
roots were counted and recorded. Usually ooty ledons obtained fran 
younger seedlings, a-3 weeks old, were observed to yield roots on the 
6th day; those from 4 weeks old seedlings produced roots on the 6th or 
7th day. This difference in dates of root emergence might be due to 
the greater amount of stored food and to the more embryonic stage of 
the younger cotyledons. It was only the cotyledons, 2 weeks old, 
cultured in media containing coconut milk which developed roots on the 
4th day, much earlier than the cotyledons cultured in the media con-
taining IAA and different concentrations of Ad. The controls for the 
, . ' ' . ' . ~ . 
- -
cultures .treated. with IM, Ad. o~ ~ne 'started to produce _roots 
usually on the same day that the oocyledons containing 8l\V or a combi-.. 
' I 
nation of these chemical substanc.e-s evolved roots .. However., the number 
of roots produced on the 10th day showed. that the IAA used ( .02 mg./1) 
increased the number over that developed by the cotyled.ons in the con-
trol media. Experiments 3 and 4 demonstrate some inhibiting action of 
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Ad. especially at high concentrations on the root stimulating action of 
IA.A. Guanine, a t high concentrations, was also observed to produce the 
same results. The medium containing coconut milk at 1% concent r atJ.on 
demonstrated its stimulating e f f ect on root formation. Very little 
callus was formed. The nmnber of roots produced on the 10th dey- was 
2 ·1/2 times that yielded by _the cotyledoni .1n the control media, and· 
tw.1.c-e as much as that developed' i n the media with 2. 5% coconut milk. 
Contamination of cultures hindered in ,seouring accurate results 
from media containing coconut milk a t high concentrations. The non-
ava,ilabili -cy of coconut from the local. markets prevented the use of a 
good represent ative number of replicates. From the meager resul. ts of 
the experiment, it can be suggested that the growth factor present in 
coconut milk at a certain concentration exhibits a more pronounced 
stimulation of root production than IAA at .02 mg .• /1 concentratJ.on. 
Caplin and Steward (6) · isolated carrot phloem fragments in media con-
taining coconut milk and observed a more remarkable growth than that 
obtained with auxins. Wiggans (23), working with tissue segments from 
Red Core Chanteney- carrot which a.re very sensitive to auxins, found that 
coconut milk is much more effective. 
'Observations on experiments 1 and 2 suggest that co-cyledon or shoot 
tip bearing a cotyledon is capable of rooting and of producing callus 
in . :the ba,sal medimn of White containing the accessory organic sub-
stancetr. The · presence of . some chanical substance which was not found 
in the basal medimn of White or in the cotyledon might be needed for 
the formation of buds • . 
The stem segments in the liquid control media sank to the bottan 
of the container and turned brown after a week (Experiment 1) • The stem 
segments of cotton like the cotyledon possihl¥ need an adequate supply 
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of oxygen in order that growth can occur. Hence, in the subsequent 
experiments conducted, a semi.solid medium was employed. The segments 
grown on agar media produced callus or mere swelling. Certain stem 
segments did not show BIJY growth, even after several months of culture. 
This was the case observed in experiment 2 when the stem segments w~ 
stripped of their epidermis and cor~x. The effect was assumed to be 
the result of the wound caused by handling and excising of the tissues. 
·~ The lo~ger ·segmen~ (aqo~t 2 centimeters long) that rooiained healthy 
throughout the duration of the experiment produced callus at the basi-
petal end or ·swelling behind the cut ends (See Figs. 25-27). The 
shorter segments ( about a centimeter long) rarely formed callus, but 
swelling was observed mostly between the cut ends of the segments. 
Such condition was noted in the stem segments in experiments 6-8 (See 
Figs. 2&-30). Caplin (5) and Lee (ll) observed the contrary am stated 
that smaller plant or parts always show a greater relative growth rate 
than larger plants or parts. The centimeter long segments probably 
were more mature Jnorphological.ly than the two centimeter long segments 
employed. Went (18) , however, pointed out the possibility of metabolites 
to diffuse across protoplasmic membranes of isolated tissues or organs. 
He stated that diffusion in macrosoopical dimensions is a slow process 
but at microscopical dimensions, diffusion rates become greater, affecting 
the development of the cultures. 
The cut ends of all the stem segments became brown after a few 
days. The ca.i.lus that formed at the basipetal end tend to grow upward 
and away from the region of the segment that is in contact with the 
surface of the medium (See Fig. 17). The surface area of the excised 
stem touching the medium became irregular when observed after 3 months. 
Histological examination showed that the peripheral cells in this area 
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divided and enlarged, and possibly are responsible for absorption of 
nutrients from the medium, resembling the function of the cells of the 
cotyledonary blade in contact with the medium (See Figs. 11 and 17). 
A study of the cross section of the basipetal. end of the excised 
stem cultured in the medium containing IAA ( .02 mg./].) shows the lmob-. . 
like or fan-shaped protuberances on the upper region of ' the tissue 
located awq fran the agar medium. The cambial cells appear to divide 
and enlarge by successive transverse divisions soon giving rise to -an 
outgrowth of callus tissue which extends over and above the cut surfaoe 
and finally grows independently into a large mass of cells. Aside 
from the cambium, the callus might have been initiated also by certain 
phloem elements (See Fig. 17). An enlarged sect.ion of a knob-like 
protrusion shows actively dividing cells found at and near the surface 
(See Fig. 18). This activity together with the enlargement of the inner 
lying cells presumably caused the crushing of the neighboring cells. 
Figure 19 shows a cross section of the whole callus area. Many fan-
shaped outgrowths resulted from continuous division and proliferation 
of the callus cells. The cells divide in diverse planes resulting in 
an irregular mass of cells. Each lmob is observed to contain one or 
more groups of scalariformly pitted tracheary elements and meristematio 
cells. Figure 2) is a magnified portion of a knob with three groups of 
such cells. Meristematic, elongated, oometimes binucleated cells appear 
to surround a group of xylem elements" 
The above anatomical changes were similarly illustrated by the stem 
segments cultured in the control media. Segments cultured in media con-
taining coconut milk, guanine and adenine mostly produced swelling. A 
cross section of the excised stem cultured in media with 1% coconut milk 
showed cambial activity, lignificat.ion of cells in the phloem area and 
enlargement of the collenchyma cells (See Fig. 21). Breaking of the 
epidermal cells and elongation of the hypodennal cells in the lower 
area of the section illustrates the manner of food absorption in such 
tissues. 
r Under the conditions in which the experiments were conducted, none 
of the stem segments showed any root or bud initial fonnation. Hence, 
measurement of growth was based upon the increase in weights of the 
tissues after a period of .3 months. Gallus growth was exhibited by all 
t he segments cultured in the control media, IAA, !AA plus Ad. and Ad. in 
experiment .3 (See Fig. 25). The data presented in Table I show the 
amount of growth attained by the tissues. Addition of IAA caused an 
increase in weight over that in the control media. A combination of 
Ad. and IAA at the concentrations indicated produced an increase in 
weight above that caused- by IAA alone while Ad. brought about results 
almost the same as the IAA. 
Table II shows the effect of different concentra tions of !AA on 
excised sterns. Concentrations of .005 mg./1 to . 02 mg./J. seem to have 
caused higher growth rate than the .001 mg./J. concentration of IAA in 
the medium. However, comparison cannot be made with that of the 
control medium because cultures in the latter were contaminated. Con-
centra1J,ons of !AA higher than tbe .02 _mg./J. concentration used, mey - ~ . \ 
give·. "more pronolinCed. effect . than .the results obtained in thel:Se experi-
ments. 
Experiment 5 shows that the· low concentration of !AA plus Ad. in 
concentrat ions of 5 mg. to It) mg./1 gave the maximum increase in weight 
(S~ Table III). Higher concentration of !AA combined with adenine, 
however; produced a more marked growth. With .02 mg./1 IAA plus It) mg.-
(/;) mg./1 of adenine, over ,> mg. increase per segment was noted (See 
Table IV). Over (:IJ mg./1 adenine in combination w1 th IAA showed lower 
growth rate. 
The stem segments cultured in media containing 5% to 15% concen-
tration of coconut milk produced an increase of weight of two to three 
~-,. 
times that of the increase in weight o.f . the se,gment· in the control 
medim (See Table V) • 
fable VI shows the growth increment of StElllJ segments in. media con-
taining low concentrations of IAA ( .001 mg./1) in combination with 
different concentrations of guanine. These treatments were slightly 
effective in promoting section growth. 
From the results of above experiments, it can be suggested that 
growth and organogeey primarily depend on the nut1'ients employed, the 
proper balance between growth stimulants as IAA and adenine or guanine, 
the repeated subculture of tissues for fresh nutrient supply, the size 
and age of plant tissues, and the oxygen gradient. The culttares pre-
sumably have been affected by the tightly applied cotton and aluminum 
foil covers of the containers. Boatner, Hall, Rollins,. and Castillon (2) 
mentioned about the polyphenolic pigments in Gossypiu,m. The pigments 
mey- have caused the excessive darkening of the out ends of some of the 
stem segments and subsequentJ.y stalled regeneration in these areas. 
B.i:stologic.al cross section of normal st.an segment, cotyledonary 
petiole base and cotyledonary blade are included in the illustrations 
. for comparison w1 th the cultured tissues. 
SUMMARY 
, , 
1. This paper presents the results of a study ·on the culture !!! 
vitro of cotyledons and stem segments of Gossypium hirsutum var. empire 
. 
in White's basal medium with and without addition of indoleaoetic acid, 
adenine, guanine, and coconut milk. 
2. Under the conditions in which the cultures were carried out 
only callus roots were developed from the cotyledons; and callus 
and/or swelling by the stem segments. 
3. Addition of adenine and guanine which have been reported earlier 
by Miller and Skoog (13} to induce bud fomation in tobacco stem segments 
did not produce buds in either tissues isolated. 
4. Indoleacetic acid and coconut milk stimulated callus growth, 
root formation or swelling in the excised stem segments and cotyledons. 
5.. Shoot tips bearing one cotyledon cultured in liquid control 
medium developed to about an inch long in 6 months producing 4 to 5 
tir>¥ leaves. 
6. Adenine and guanine e:xhibi t some inhibiting effect on the root 
stimulating action of I.AA at higher. oopc~trations • 
. , --. . 
7. New meristematic responses occur more easily in younger tissues 
than in older more mature tissues. 
8. In the growth responses reported in this paper, normal tissue 
differentiation occurred only in those cultures in which roots actually 
developed. 
9. In cultures showing only cell enlargement or callus formation, 
differentiation occurred not at all or differentiated vascular elements 
did not become normally oriented. 
10. Some of the results indicate a relationship between growth !!! 
vitro and the size of the tissue isolate. 
' . 
ll. There are clear indications of a relationship of growth and 
differentiation to the oxygen gradient in the culture. 
12. Photomiorographs have been included to show the histological 
changes resul. ting from the !,a vitro cul 'blre of the tissues. 
13. The author aimed at inducing bud formation by the excised 
cotton tissues but results did not reveal any indication to this effect. 
Fig. 1 Cotyledon in liquid control media after a 
period of 5 weeks. 
Fig. 2 Cotyledon in liquid media containing Ad. 
(.40 mgs./1) after a period of 5 weeks. 
(Cloudy meditnn is due to bacterial con-
tamina ti.on.) 
Fig. 3 Co-cyledon in liquid media containing IAA 
( .02 mg.fl) after a period of 5 weeks. 
(Cloudy medilDD is due to bacterial con-
taminati.~ 
Fig.- 4 Cotyledon in liquid media containing IAA 
( .02 mg.fl) and Ad. (.40 rags.fl) after a 
period of 5 weeks. 
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Fig. 5 Cotyledon with shoot tip in liquid control 
media after a period ot 6 months.. 
Fig. 6 Cowled.on in liquid control media after 
a period of 6 months. 
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Fig. 7 Cotyledon in liquid control media after a 
period of 6 months showing 2 roots emerging 
from lateral. veins of blade. 
Fig. 8 Cotyledon isolated in llqui.d control media 
for a period of 6 months showing roots 
emerging from base of blade where big veins 
originate. 
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Fig. 9 Histological cross section of portion of 
covledoI1a17 blade after 6 months in 
liquid control medium. X ~ 
., 
Fig. 10 An enlarged section of callus from Fig. 9 
showing root primordium developing fran 
group of cells above strand of Jey"lem 
elements. I 80 
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Fig. 11 Histological cross eeotion of portion of 
ootyledonary blade after 3 months of 
culture in semi-solid medium containing 1% 
Coconut milk. X 30 
I 
Fig. 12 Histological cross · section of port.ton of 
cotyledonary blade cultured in semi-solid 
medium containing I.AA ( .02 mg./1) plus 
Ad. (40 mgs./1) for a period of 3 months 





Histological cross section of cotyledonary 
petiole base cultured in semi-solid medium 
containing 1% coconut milk tor a period or 
3 months showing callus growth and root 
formation. (Arrows point to strands or 
meristematic cells.) X ~ 
An enlarged portion of cotyledonary petiole 
base showing root primordium (rt.p.) after 
3 months of culture in liquid medium con-
taining IAA ( .02 mg./1}. (Arrow indicates 
root primordium.) X ~ 
,• 
Fig. 15 Histological oross section of ooty-
ledonary petiole base showing 
callus growth and root primordium 
( rt. p.) oul tured in liquid medium 
containing IAA ( .. 02 mg.fl) after a 
~eriod of 6 months. X 30 
Fig. 16 Histological cross section of callus 
formed on cotyledonary petiole base 
after 5 months of culture in liquid 
medium containing IAA ( .02 mg.fl). 
Long! tudinal section of developing 
root is seen at lower left-hand 
corner (rt.). (Arrows point to some 
groups of scalariformly pitted 
tracheary elements.) X 30 
Fig. 17 Histologic~ cross section of stem 
segment cultured in nutrient medium 
with IAA ( ~02 mg./1) for a period of 
3 months. X a:> 
Fig. 18 An enlarged knob-like protuberance 
trom Fig. 17 showing actively 
dividing cells at and near the sur-
face. X 80 
. ' 
\ 
Fig. 19 Histological cross section of callus 
formed at the basipetal end of stem 
segment cultured in IAA ( .02 mg./].) 
tor a period or 3 months. X 15 
Fig. a:> Ari enlarged portion or callus f'ran 
Fig. 19 showing patches of scalari-
rormly pitted tracheary elements. 
X 80 
Fig. 21 Histological cross section of stem 
segment cultured in media containing 
1% coconut milk for a period of .'.3 
months. X a> 
Fig. 22 Histological cross section of normal 
stem ( 2nd internodal stem segment) • 
X a> 
Fig .. 23 Histological oross section of normal 
cotyledonary petiole base. X JO 
Fig. 24 Histological cross sect.ion of portion 
of nomal eotyledonary blade showing a 
vascular area. X 80 
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Fig. 25 a.pre~entati ve samples of stem seg-
ments cultured on semi-solid media 
containing growth substancess IAA 
(.02 mg./1), IAA {.02 mg./1) plus 
Ad. (,40 mgs./1), Ad. (,40 mgs./1) 
after a period of' .3 months. 
Fig. 26 Representative samples of stem seg-
ments cultured on semi-solid media 
containing different concentrations 
of IAA after a period of 3 months. 
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Fig. Zl Representative samples of stem seg .. 
men ts aul tured on semi-solid media 
containing low oonoentration of IAA 
( .001 mg./l) and different concen-
trations of Ad. after a period of 
3 months. 
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Fig. .28 Representat:1 ve samples of stem seg-
ments cultured on semi-solid media 
containing high concentration of 
IAA ( .02 mg./1) and different con-




Fig. ;;5; Representative samples of stem seg-
ments cultured on semi-solid media 
containing different concentrations 
of coconut milk (,C.M.F.) .after a --
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Fig. 30 Representative samples of stem seg-
ments cultured on semi-solid media 
containing low concentrations of 
IAA (.001 mg.fl) and different con-
centrations of guanine. 
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